The organism used was isolated by enrichment culture, using uracil as the main source of carbon and nitrogen (Batt and Woods, 1951) , and was originally referred to as organism SS. Professor H. L. Jensen has identified the organism as N. corallina and it has subsequently been designated as strain S of this species.
The growth experiments were carried out in 6 in by 34 in test tubes containing 5 ml media and incubated in the sloped position at 30 C. The amount of growth was estimated turbidimetrically and converted to a dry wt basis by reference to a standard curve. For reproducible results it was necessary to prepare the inoculum as follows: Cells from a glucose (1 per cent)-yeast extract (1 per cent)-agar slope (36 hr incubation at 30 C) were washed twice with distilled water and 0.1 ml of a suspension added to a liquid medium (5 ml) containing sodium acetate (0.04 M), ammonium sulfate (0.005 M), magnesium sulfate (0.017 M) and potassium phosphate buffer (0.025 M); pH 7.2. This culture was incubated at 30 C for 24 hr, diluted 1:20 with distilled water and 0.1 ml used as an inoculum in growth experiments.
Analyses of constituents in the growth medium, after incubation, were carried out on the supernatant obtained by centrifuging the culture, the volume being adjusted to the initial sterilized volume. Volatile acids were estimated by titration of the steam distillate obtained from an aliquot of the growth medium. Carbon dioxide was expelled from the distillate, prior to the titration, by boiling under reflux. The acids were identified chromatographically using a celite column (Swim and Krampitz, 1954) . Ketonic acids from the growth medium were recovered as the 2:4 dinitrophenylhydrazones. These were separated and estimated by the method of Cavallini and Frontali (1954) . Authentic samples of the 2:4 dinitrophenylhydrazones of the respective ketonic acids were used as reference compounds.
The nitrogen contents of growth media were obtained by the Kjeldahl method of digestions of samples containing approx 0.5 mg nitrogen (Tompkins and Kirk, 1942) . The ammonia was distilled, using a Markham apparatus (Markham, 1942) , into borate buffer (Conway and O'Malley, 1942) and titrated with standard acid. Amide nitrogen was released as ammonia by heating acidified samples (final acid concentration, 2.0 N HCl) of the growth media to 100 C for 1 hr (Krebs, 1935) . The separation of amino acids in the media was effected by the method of Moore and Stein (1951) Samples of 4-amino-5-aminomethyl-2-methylpyrimidine and 5-(2-hydroxyethyl)-4-methylthiazole were tested separately and together for their ability to replace thiamin. The former could replace thiamin at the same molar concentration but the latter was ineffective (table 3) .
The addition of pyrithiamin to a medium containing thiamin (1 mAg/ml) at a concentration below the value for maximal rate of growth, stimulated the growth of the organism. Moreover pyrithiamin (100 m,ug/ml) supported the growth of the organism in an acetate-ammonium sulfate medium containing no thiamin. The ability of strain S to grow on a medium in which ammonium sulfate and thiamin were replaced by aspartic acid ( sulfate medium permitted good growth of strain S. A detailed analysis was carried out of an acetate-aspartate medium in which strain S had grown. The concentration of substrates in the uninoculated medium (pH 7.2) were 4.14 mm acetate and 2.05 mM aspartic acid/100 ml; after growth the concentrations were 2.10 mM acetate and 1.75 mM aspartate/100 ml. Other substrates present after growth of the organism were a-ketoglutaric acid (0.32 mM/100 ml) pyruvic acid (0.22 mM/100 ml) and glutamic acid (0.25 mM/100 ml). The yield of cells was equivalent to 3 mg dry wt/100 ml media (pH after growth: 7.3). No free ammonia or amide nitrogen was detected; the total nitrogen of the medium (apart from bacterial nitrogen) was recovered in the aspartic and glutamic acids. Aspartic acid failed to support the growth of strain S, as the sole source of carbon and nitrogen in a medium containing thiamin, although alanine and glutamic acid, tested under the same conditions, gave good growth.
MARTIN AND BATT
The addition of thiamin to an acetate-aspartate medium did not stimulate the rate of growth of strain S. However, the addition of thiamin to an acetate-aspartate-ammonium sulfate medium gave a rapid increase in growth. In the absence of thiamin, an acetate-aspartate medium gave a similar growth response for strain S as a medium containing acetate, aspartate and ammonium sulfate.
A number of nitrogenous substances were tested, for their ability to support the growth of the organism in an acetate-ammonium sulfate medium which was free from thiamin (table 6) . The results obtained are considered in the discussion.
DISCUSSION
The addition of thiamin, 4-amino-5-aminomethyl-2 methyl pyrimidine, or pyrithiamin permitted the growth of Nocardia corallina in a medium containing acetate and ammonium sulfate. Presumably the organism could not synthesize the pyrimidine moiety of thiamin.
The effect of pyrithiamin in supporting the growth of strain S was considered to be due to the ability of the organism to degrade pyrithiamin and synthesize thiamin from the pyrimidine fragment released. A similar case has been reported by Lutz (1948b) who found that pyrithiamin would promote the growth of a strain of Mycobacterium agreste (N. corallina, Breed et al., 1948) which required either thiamin or the pyrimidine moiety of thiamin.
Strain S was found to grow on a thiamin free medium, containing acetate and aspartate, with the formation of pyruvic and a-ketoglutaric acids. No significant amount of thiamin could be detected in cells grown under these conditions and it was considered to be possible that growth occurred through aspartic acid supplying the products of thiamin-dependent reactions. This explanation appeared unlikely as various combinations of carbon substrates which were shown by Reed and de Busk (1952) to replace a lipothiamide requirement for a strain of E. coli would not support the growth of strain S with ammonium sulfate as the nitrogen source.
An alternative possibility, that aspartic acid (and other nitrogenous compounds) may be acting as precursors of the thiamin structure, was considered. The nitrogenous compounds which were most effective in supporting the growth of strain S in a thiamin free medium were aspartic acid, /3-aminopropionamide and carbamylglutamic acid (table 6) . Katznelson (1947) showed that the thiamin requirement of Bacillus paraalvei could be replaced by either 5-(2 hydroxyethyl)-4-methylthiazole or a mixture of valine, isoleucine and phenylalanine together with either cystine, cysteine, homocystine, homocysteine or glutathione. Katznelson proposed that the activity of the amino acids containing sulfur was due to stimulation of the synthesis of the thiazole moiety of the thiamin molecule. With strain S it seemed unlikely that aspartic acid stimulated the synthesis of the pyrimidine moiety of thiamin since the cells obtained from an acetate-aspartate medium (free of thiamin) contained negligible amounts of thiamin and, in addition, such cells showed impairment of thiamin-dependent reactions leading to the accumulation of pyruvic and a-ketoglutaric acids in the growth medium. It is not possible to claim that the cells grown in an acetate-aspartate medium contained no thiamin. If synthesis of thiamin did occur with these cells, the rate was exceedingly low and the content of thiamin in the cells was lower than the minimum amount detectable by the methods used. Even if the cells carried out a limited synthesis of thiamin, it is necessary to postulate an additional function for the vitamin to explain the failure of the organism to grow in any medium in which ammonium ions constitute the sole source of nitrogen unless thiamin was added.
The growth of strain S in a thiamin free acetateaspartate medium, but not in a medium containing acetate, succinate and ammonium sulfate, suggested that thiamin may be necessary for the utilization of ammonium ions. On this hypothesis the nitrogenous compounds which could replace thiamin and ammonium ions for the growth of strain S, were supplying the products of a thiamin dependent reaction, i. e., providing organically bound nitrogen to the organism. Support for this interpretation of the results was obtained from a study of the slow rate of growth of strain S on an acetate-aspartate medium. The growth response in this medium was not affected by the addition of either thiamin or ammonium sulfate; when the 2 substances were added together a rapid rate of growth was obtained. and aspartate but no thiamin, contained no significant amounts of thiamin. From a study of strain S in thiamin free media it is suggested that the organism requires thiamin for the utilization of ammonium ions.
